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The o u t s t a n d i n g f e a t u r e of m u l t i p l e production proc e s s e s i s t h a t secondaries a r e generated with small t r a n s v e r s e momenta. I n r e c e n t y e a r s two d i f f e r e n t p i c t u r e s have been advocated t o d e s c r i b e t h i s phenomenon ; t h e i r extreme r e a l i z a t i o n s a r e fragmentat i o n o r Nova models 11-41 on one s i d e , and simple m u l t i p e r i p h e r a l models [5,61 on the o t h e r . Indeed, d u r i n g t h e p a r t y e a r t h e r e has been a controversy between people supporting one o r t h e o t h e r p i c t u r e .
A number of t e s t s t o d i s t i n g u i s h between t h e models
have been proposed.
The d a t a show t h a t n e i t h e r of t h e two extreme pict u r e s i s q u i t e c o r r e c t ( a s one might have expected), but t h a t c e r t a i n l y a m u l t i p e r i p h e r a l p i c t u r e i s near e r t o t h e t r u t h , while c e r t a i n f e a t u r e s , t y p i c a l Natural consequences of t h i s model a r e c o n s t a n t c r o s s -s e c t i o n s s i n c e t h e processes a r e d i f f r a c t i v e , and l i m i t i n g fragmentation f o r t h e one p a r t i c l e inc l u s i v e d i s t r i b u t i o n s .
A c e n t r a l p l a t e a u i n t h e one p a r t i c l e i n c l u s i v e d i s t ' r i b u t i o n can a l s o be accomodated by choosing a s u i t a b l e e x c i t a t i o n spectrum f o r t h e l a r g e mass f i r e b a l l s .
A c r u c i a l c o n s t r a i n t i n t h i s model is t h e isotyop i c decaz. From i t , and from t h e observed l i m i t a t i o n
on t h e t r a n s v e r s e momenta, i t follows t h a t t h e number of p a r t i c l e s coming from one f i r e b a l l i s prop o r t i o n a l t o t h e f i r e b a l l mass M :
and then, i f one wants a logarithmic i n c r e a s e with of fragmentation models, a r e not acceptable. So now energy of t h e t o t a l average m u l t i p l i c i t y , one must i t appears t h a t models of t h i s kind have t o be abanimpose the e x c i t a t i o n spectrum : doned o r a t l e a s t d r a s t i c a l l y modified. On t h e o t h e r haad, t h e concept of m u l t i p e r i p h e r a l dynamics, i f p(M) w M -~ .
( 2 ) want t o apply i t t o phenomenology, has t o be en-I n t h e Mueller aanguage [7] t h i s would corresaond l a r g e d i n o r d e r t o t a k e i n t o account e f f e c t s which t o a PPf coupling. The PPP term is missing i n a r e not p r e s e n t i n t h e o r i g i n a l formulation : e f f e c t s t h i s scheme. There i s no s c a l i n g of t h e l e a d i n g parof c l u s t e r i n g , d i f f r a c t i o n , and absorption. t i c l e peak : Following t h i s l i n e of thought, l e t me now go i n t o more d e t a i l s . F i r s t , I s h a l l b r i e f l y d e s c r i b e t h e fragmentation model i n i t s most i n t u i t i v e v e r s i o n , do-E -
t h e Nova model [3] . W e have h e r e a d i f f r a c t i v e excit a t i o n of one cor both) incoming particles into fire-T h i s i s a s t r o n g l e a d i n g p a r t i c l e e f f e c t . F i n a l l y , balls of rather large mass, which subsequently decay from t h e behaviour of t h e i n t e g r a t e d p a r t i a l c r o s ss e c t i o n s : i s o t r o p i c a l l y i n t h e i r r e s t system, a s shown i n f ic -n -2 ( 4 ) gure 1. one g e t s very l a r g e f l u c t u a t i o n s i n t h e m u l t i p l i c i t y d i s t r i b u t i o n :
A q u i t e d i f f e r e n t p i c t u r e i s p r e s e n t i n t h e multi-
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p e r i p h e r a l model (MPM), f i r s t proposed by Amati, Bertocchi, F u b i n i , S t a n g h e l l i n i and Tonin. I n t h i s model t h e l i m i t a t i o n on t h e t r a n s v e r s e momenta comes from a l i m i t a t i o n on t h e momentum t r a n s f e r s between
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1973144 t h e produced p a r t i c l e s . T h i s l i m i t a t i o n e n t a i l s a n o r d e r i n g i n t h e l o n g i t u d i n a l momenta, o r i n t h e rap i d i t i e s , so t h a t t h e most probable c o n f i g u r a t i o n of s e c o n d a r i e s is o b t a i n e d when they a r e e q u a l l y spaced i n r a p i d i t y space. The model can accomodate a c o n s t a n t t o t a l c r o s s -s e c t i o n when a s u i t a b l e value f o r t h e "coupling constant" a t t h e v e r t i c e s i n chosen. Natural consequences a r e :
-Limiting fragmentation.
-C e n t r a l plateau.
-Short-range o r d e r coming from a f a c t o r i z e d inc l u s i v e Pomeron.
-Weak c l u s t e r i n g ( f 2 w l o g s ) .
-Poisson t a i l of t h e prong c r o s s -s e c t i o n f o r very high m u l t i p l i c i t y .
The model has good "crossed-channel'' p r o p e r t i e s , and t h e r e f o r e i s t h e n a t u r a l framework f o r a Mueller d e s c r i p t i o n of i n c l u s i v e d i s t r i b u t i o n s . However i t h a s poor u n i t a r i t y p r o p e r t i e s .
S e v e r a l t e s t s have been proposed t o d i s c r i m i n a t e between t h e s e two p i c t u r e s : t e s t s on m u l t i p l i c i t y d i s t r i b u t i o n s [8], behaviour with t o t a l energy of t h e two p a r t i c l e c o r r e l a t i o n f u n c t i o n , average mult i p l i c i t y f l u c t u a t i o n s i n a momentum space r e g i o n 0
excluding t h e forward and backward cones [9] .
The main conclusions a r e :
-CnO( n-2 i s excluded. However, t h e m u l t i p l i c i t y d i s t r i b u t i o n is much broader than Poisson.
-I n t h e p l a t e a u t h e two p a r t i c l e c o r r e l a t i o n f u n c t i o n , normalized t o t h e product of t h e one part i c l e i n c l u s i v e d i s t r i b u t i o n s , i s n e a r l y energy independent, i n agreement with a ?@ p i c t u r e , and i t depends mainly on t h e d i f f e r e n c e of t h e r a p i d it i e s Ay [101[111 .
-F i n a l l y , t h e r e a r e i n d i c a t i o n s i n favour of s c a l i n g of t h e l e a d i n g p a r t i c l e peak [12] . There i s t h e r e f o r e a r e v i v a l of t h e t r i p l e Pomeron vertex.
However, t h i s mechanism produces a t t h e same t i m e a d i p i n t h e c e n t r a l p l a t e a u [141 , s i n c e t h i s region i n t h e F M i s mainly populated by secondaries coming from heavy f i r e b a l l decays. Therefore even t h i s attempt must be r e j e c t e d ; and t h e only way o u t i s t o abandon i s o t r o p i c decay of t h e b i g f i r eb a l l s . With a n i s o t r o p i c f i r e b a l l decays t h e model could still d e s c r i b e d i f f r a c t i v e production, but not t h e e n t i r e phenomenon. Once a n i s o t r o p i c f i r e b a l l s a r e considered, t h e r e a r e s t r o n g connections with m u l t i p e r i p h e r a l dynamics :
I s h a l l t h e r e f o r e postpone t h e d i s c u s s i o n of t h e s e m o d i f i c a t i o n s ; I s h a l l d i s c u s s them i n t h e framework of a generalized MP dynamics, I n o r d e r t o e n l a r g e t h e concept of multiperipher i s m beyond t h e l a d d e r models, one must f i r s t cons i d e r c a r e f u l l y what t h e c h a r a c t e r i s t i c f e a t u r e s of
such a p i c t u r e a r e . I n my. opinion they a r e :
-A damping of t h e momentum t r a n s f e r s between t h e produced secondaries.
-The p o s s i b i l i t y of g e t t i n g a r e c u r s i v e r e l a t i o n between e x c l u s i v e production amplitudes with d i f f er e n t numbers of f i n a l p a r t i c l e s .
Both t h e s e requirements c a n be met i f one imposes a s u i t a b l e upper bound on t h e e x c l u s i v e production amplitudes with i s f a c t o r i z e d with r e s p e c t t o sube n e r g i e s and momentum t r a n s f e r s [IS]. I n t h i s way l o g s ) ) and a b s o r p t i v e e f f e c t s can be acco-FM, t h e r e h a s been a n attempt t o i n t r o d u c e a damping 2 modated i n t o a g e n e r a l m u l t i p e r i p h e r a l e q u a t i o n of t h e high m u l t i p l i c i t i e s by i n t r o d u c i n g a f a c t o r whose k e r n e l i s a p r i o r i unknown, but independent coming from the minimum ptomentum t r a n s f e r i n double of t h e t o t a l energy and of t h e number of produced f i r e b a l l e x c i t a t i o n [13] . T h i s f a c t o r has t h e e fsecondaries. However, t h i s i s not a model, but raf e c t of d e p r e s s i n g high mass f i r e b a l l s , t h e r e b y t h e r a d e f i n i t i o n of a c l a s s of models. Therefore improving the m u l t i p l i c i t y curve : l e t u s s e e i n more d e t a i l how t h e e f f e c t s we mentioned can be r e a l i z e d i n phenomenological models. i s r a t h e r large. One can i n s t e a d i n t r o d u c e c l u s t e r s "by hand", t r y i n g thereby t o f i t t h e observed corr e l a t i o n s a t small v a l u e s of hy . T h i s approach has been pursued by s e v e r a l a u t h o r s [161[171 , t a k i n g more o r l e s s independent emission models f o r c l u s t e r production, and assuming a n i s o t r o p i c Gaussian decay.
The c l u s t e r s we a r e h e r e c o n s i d e r i n g a r e q u i t e d i ff e r e n t from Novas s i n c e t h e i r average mass is n o t very l a r g e , and t h e number of secondaries they produce i s l i m i t e d ( n 4 3 o r 4). I n t h e s e approaches two f i n a l p a r t i c l e s a r e s h o r t range c o r r e l a t e d only i f they belong t o the same c l u s t e r . Therefore a s t udy of c o r r e l a t i o n s g i v e s a n i d e a of t h e average c l u st e r size. Although remarkable f i t s t o t h e d a t a , can be produced, I f i n d t h e s e models s a t h e r crude, s i n c e they neglect c o r r e l a t i o n e f f e c t s between d i f f e r e n t c l u s t e r s , a s w e l l a s " i n t e r f e r e n c e " e f f e c t s t h a t can be important i n a s i t u a t i o n where t h e m u l t i p l i c i t y of t h e produced p a r t i c l e s i s large.
More s p e c u l a t i v e m u l t i p e r i p h e r a l c l u s t e r s models have a l s o been considered [181 . The new f e a t u r e of t h e s e approaches i s t h a t t h e c l u s t e r masses a r e a llowed t o i n c r e a s e with t o t a l energy. However, t h e damping of t h e momentum t r a n s f e r s , t o g e t h e r with t h e requirement of an approximately c o n s t a n t t o t a l c r o s ss e c t i o n , depresses s t r o n g l y t h e high mass contribut i o n s . One c a n g e t a m u l t i p l i c i t y t a i l f a l l i n g a s a
power of n , but t h e long range c o r r e l a t i o n s one i n t r o d u c e s "by hand" (each v e r t e x of t h e c h a i n "remembers" t h e t o t a l energy of t h e process) a r e not important asymptotically. I t is not c l e a r a t the moment how such a conclusion could be modified by allowing cT t o i n c r e a s e .
Let u s now come t o a d i f f e r e n t Sype of c l u s t e r i n g e f f e c t , namely t h e d i f f r a c t i v e e x c i t a t i o n of a c l u st e r , followed by a n i s o t r o p i c decay. This l e a d s us t o c o n s i d e r two components models [191, a p i o n i z a t i o n component d e s c r i b i n g production without l a r g e r a p id i t y gaps between secondaries, and a d i f f r a c t i v e component where a t l e a s t one l a r g e gap i s present. I n t h e simplest v e r s i o n s of t h i s model, two d i f f e r e n t mechanisms a r e considered, with s e p a r a t e average mult i p l i c i t i e s having d i f f e r e n t energy behaviours. I n p a r t i c u l a r t h e average m u l t i p l i c i t y coming from t h e d i f f r a c t i v e c o m p 0 n e n t . i~ assumed t o be constant. I n t h i s way one can g e t good f i t s t o t h e m u l t i p l i c i t y d i s t r i b u t i o n [201, a s w e l l a s long range c o r r e l a t i o n s coming from t h e i n t e r p l a y of t h e two components : b u t a d i p should e v e n t u a l l y develop i n t h e m u l t i p l ic i t y d i s t r i b u t i o n , a s shown i n f i g u r e 5.
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One c a n a l s o f i t t h e two p a r t i c l e c o r r e l a t i o n funct i o n :
"in i n w i t h a mixture of s h o r t range and long range c o n t r ibutions [21] . Making an e x p l i c i t model f o r t h e two components [ l l ] , one c a n e x t r a c t from the d a t a dED(T) and e s t i m a t e
-, which t u r n s o u t t o be a n dCX (7) i n c r e a s i n g f u n c t i o n of t h e c.m.s. r a p i d i t y , a s nayv e l y expected. However, t h e s e p a r a t i o n between t h e two components i s somewhat model dependent, Moreover, 
i n o r d e r t o g e t long range c o r r e l a t i o n s , i t i s suff i c i e n t t h a t thetwo m u l t i p l i c i t y d i s t r i b u t i o n s behave d i f f e r e n t l y with energy, but (n)D i s allowed a l s o t o i n c r e a s e [22 I. T h i s seems t o one a more nat u r a l behaviour. W e s h a l l s e e now t h a t one can indeed c o n s t r u c t mod e l s i n which t h e d i f f r a c t i v e component by i t s e l f leads t o an average m u l t i p l i c i t y l o g a r i t h m i
T h i s new p o s s i b i l i t y becomes r a t h e r i n t e r e s t i n g i f one r e l a t e s production processes w i t h a l a r g e rapid i t y gap t o a t r i p l e Pomeron graph, according t o t h e
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A. BASSETTO scheme :
I f one assumes a f a c t o r i z e d i n p u t Pomeron, one pre-
d i c t s t h a t t h e average m u l t i p l i c i t y of hadrons produced i n d i f f r a c t i o n d i s s s o c i a t i o n i n t o a s t a t e of 2 mass M r i s e s l i n e a r l y with log(M ) :
t h e c o e f f i c i e n t A being t h e same a s t h a t found i n the average m u l t i p l i c i t y of normal hadronic r e a c t i o n s [24 I.
The d i f f r a c t i v e component of t h e m u l t i p l i c i t y d i st r i b u t i o n i s f l a t f o r low n and c u t s o f f a t v a l u e n s A l o g s, a s shown i n f i g u r e 7 :
T h i s should be c o n t r a s t e d with f i g u r e 5. This mechanism, without a b s o r p t i v e c o r r e c t i o n s , can c o n t r i b u t e a l o g a r i t h m i c a l l y i n c r e a s i n g term t o t h e t o t a l c r o s s s e c t i o n , provided t h e t r i p l e Pomeron v e r t e x does n o t vanish a t t = 0 . T h i s w i l l be more e x t e n s i v e l y d i scussed i n M u e l l e r ' s r e p o r t . I s h a l l only mention here t h a t i f t h e q u a n t i t y 2a'10 is small (where a ' i s t h e Pomeron s l o p e and b i s t h e s l o p e of t h e tot a l v e r t e x ) , t h e t o t a l c r o s s -s e c t i o n c o n t a i n s a term behaving l i k e log s , G being p r o p o r t i o n a l t o t h e b t r i p l e Pomeron coupling. This term could perhaps e x p l a i n t h e observed r i s e i n t h e t o t a l c r o s s -s e c t i o n h51. Of course, t h i s has t o be considered a s a p e r t u r b a t i v e treatment, s i n c e t h e "input" Pomeron d i f f e r s from t h e "output". Eventually a "renormaliaed" Porneron t r a j e c t o r y i s obtained with a n i n t e r c e p t above one. Then one must invoke a b s o r p t i o n tn t h e 
and s c a l i n g f o r t h e l e a d i n g p a r t i c l e peak :
However, t h e model has problems with "crossed channel" u n i t a r i t y . Moreover, i t c e r t a i n l y does not app l y a t p r e s e n t e n e r g i e s , where the F r o i s s a r t bound no simple s e l f -c o n s i s t e n t p i c t u r e seems t o emerge a t t h e moment, n e i t h e r from theory nor from t h e data.
W e a r e s t i l l i n a n i n t e r m e d i a t e energy region where new t r e n d s , l i k e t h e i n c r e a s e of t h e t o t a l c r o s ss e c t i o n , a r e appearing. I t i s hard t o say whether they w i l l p e r s i s t o r change a t higher e n e r g i e s , thus s u p p o r t i n g one o r another t h e o r e t i c a l p i c t u r e . L e t t e r s 43B (1973) N G (T.N.) and SUKHATME , U n i v e r s i t y of Washington p r e p r i n t (1973).
